Current frameworks for understanding the link between early adverse childhood experiences and later negative life outcomes, including psychopathology, focus on the mediating negative impact on brain and biological systems in the developing child resulting broadly from stress and trauma. Although this approach is useful, we argue that the framework could be functionally extended by distinguishing the effects of two different types of abnormal input, both deviations from the expectable environment in early childhood. Specifically, we review the consequences of inadequate input (eg, neglect/ deprivation) and harmful input (eg, abuse/trauma) on brain and biological development. We then review evidence on the differential links between each type of abnormal input to four selected domains of psychopathology (indiscriminate social behavior, posttraumatic stress disorder, attention-deficit/hyperactivity disorder, and conduct problems), and consider potential mechanisms for inadequate and harmful input to lead to these outcomes. We conclude that the careful consideration of the type of deviation from the expected environment, while acknowledging the practical difficulties in assessing this, is likely to lead to clearer understanding of the mechanism of risk for psychopathology, and that tailored approaches to prevention and intervention may be informed by considering the unique consequences of inadequate and harmful input when experienced in early childhood.
INTRODUCTION
Interdisciplinary perspectives are needed to understand how environmental factors have an outsized role in later-life outcomes in individuals and populations (Ben-Shlomo and Kuh, 2002; Halfon and Hochstein, 2002) , with an understanding that early-life stressors predict a large degree of later-life outcomes (Hertzman and Wiens, 1996) . Physiological responses to stress involve a cascade of cellular and molecular responses, which, over time, are thought to contribute to disease etiology (McEwen, 1998) . Individuals are thought to differ because of innate genetic differences as well as by environmental supports and stressors (Boyce and Ellis, 2005) .
The concept of 'toxic stress,' the cumulative and pernicious effect of multiple, chronic environmental adversities, is believed to disrupt developing brain circuitry and other organ systems, having long-term implications for physical and mental health (Shonkoff and Garner, 2012) . A similar framework, organized around the adverse effects of young children's exposure to traumatic experiences, led to the creation of the National Child Traumatic Stress Network (NCTSN). The NCTSN was designed to enhance services for children who experience or witness traumatic eventswhich may consist of acute discrete events like a motor vehicle accident or chronic enduring circumstances like witnessing domestic violence or being abused. Repeated exposures to significant stressors have led some to propose 'complex trauma' as yet another framework used to examine the role of early adversity on later outcomes (van der Kolk, 2005) . Considering the role of stress resulting from adverse experiences, especially early in development, these related frameworks share an emphasis on the negative events experienced by children, and how these events overwhelm their ability to cope adaptively. However, in order to provide further clarity into linking early adverse experiences and later outcomes, we propose in this paper to independently consider two types of deviation from expectable environmental input: (1) lack of necessary input, which we represent prototypically with studies of the effects of neglect/deprivation and (2) presence of harmful input, which we represent prototypically with studies of abuse/ trauma. Although there is debate regarding the definition of the range of environments considered within the 'expectable' range (see Baumrind, 1993; Scarr, 1992) , both inadequate input and harmful input represent deviations from the expectable environment (a concept introduced by Nelson and colleagues to describe the effects of adversity at the neural level; Curtis et al, 2002; Fox et al, 2010; Nelson et al, 2014) . Importantly, each type has been associated with a broad array of maladaptive outcomes, including various domains of psychopathology (National Research Council, 2013) . By examining the two types of deviation separately, we aim to clarify the consequences of explicit stressors, a focus of most traditional approaches, as well as the consequences of neglect, on important developmental outcomes. The distinction between these two types of deviation from expectable environmental input may help guide both intervention efforts and policy in this area, and extends prior frameworks that focused more broadly on stress and trauma without specific regard to differential types of input from the environment.
Both the lack of necessary input and the presence of harmful input deviate from appropriate expectable caregiving experiences, especially in the crucial earliest years of life. Heightened plasticity of the brain in early life is a key feature of human development, and the infant brain relies upon environmental experiences in order to develop (Greenough et al, 1987) . Two different processes were proposed by Greenough et al to understand how the environment informs brain development: experience expectant and experience dependent processes. Experience expectant processes involve information that nearly all members of the species will encounter (eg, language). Experience dependent processes involve unique information that is not experienced by all individuals (eg, one's native language). The impact of early experience on brain development has been said to 'cut both ways' (Hunt, 1979) , given that the quality of the environmental input has a direct impact on the result of such plasticity, for better or worse. The heightened plasticity of the infant brain is in large part thought to reflect the nature of sensitive periods in development, that is, windows in which the brain is particularly open to adaptation by environmental input, which are typically clustered in early life (Knudsen, 2004) . Although clearly delineated sensitive periods have yet to be defined in humans, the first 3 years is considered to be a vitally important time in the development of cognitive, affective, and social domains (Humphreys et al, in press) . As humans are an altricial species, caregiver assistance is required for survival in infancy and childhood. However, the importance of caregivers extends beyond basic instrumental needs, as relationships with caregivers also provide an essential role in helping infants regulate their physical and emotional response to stressors (Tronick, 1989) . Human infants are born with a strong propensity to form attachments to a small number of caregiving adults with whom they interact regularly and substantially in the earliest years of life (Bowlby, 2008) . Developing attachments is experience expectant for human infants, although the quality of the attachments they develop depend upon the nature of their individual experiences with those caregivers and is therefore, experience dependent.
The failure of caregivers to provide co-regulation of children's emotional experiences has consequences for child development. Absent or neglectful caregivers fail to provide necessary interactive experiences that help the child develop skills ranging from language development (Hart and Risley, 1995) to social competence (Fantuzzo et al, 1998; Smyke et al, 2007) . Caregiver-child relationships are internalized by the child, and the quality of the relationship may impact other contexts (Sroufe, 1983) . In addition, given that emotionally available caregivers have a crucial part in helping children develop emotion regulation abilities (Field, 1994) , children who experience deviations from the expectable environment in the form of neglect or abuse are at risk for a number of maladaptive outcomes that are compromised by ineffective emotion regulation (Kim and Cicchetti, 2010) .
Frameworks used to study early-life stress typically emphasize the unidirectional effect of negative environmental experiences on child development and outcomes. However, considerable theoretical work has emphasized the transactional and dynamic interplay between individuals and their environment. The transactional model of development, first proposed by Sameroff and Chandler (1975) , considers developmental outcomes, including psychopathology, as a function of ongoing transactions between the individual and the environment, which exert continual effects on one another. Similarly, relational developmental systems theory considers individuals as active and self-regulating, dynamically changing in response to and with the environment (Lerner and Overton, 2008) . These frameworks emphasize the continuous dynamic a child has with the social context, which is considered essential for understanding developmental outcomes.
Thus, including the child in considerations of the impact of specific environmental inputs makes the deleterious effect of negative early experience even more evident, as environmental input elicits child behavior required for learning. For example, some experience expectant processes, including caregiver speech and language, are elicited and shaped in part by infants, and thus the absence of input from a caregiver results in an inability for the infant to obtain necessary experiences for adequate development. Although neglect/deprivation and trauma/abuse both involve the potential removal of expectable environmental experiences, the differing impact of these two forms of deviation (ie, inadequate vs harmful input) may be seen in specific neurobiological and behavioral outcomes.
Informative Longitudinal Studies
Many of the studies of neglect/deprivation or trauma/abuse are cross-sectional, but longitudinal studies have proven valuable in tracing the emergence of psychopathology following maltreatment. In this review, we draw on three important longitudinal studies of early adverse caregiving. The first is a prospective cohort design study by Widom (1998) that included 4900 children who were abused and/or neglected before the age of 12 years, identified from court records in a metropolitan area between 1967 and 1971. More than 600 children comprised the matched comparison group, selected from elementary school records, who had not been reported as maltreated but who were similar in other respects. Participants were interviewed at age 29 years about a number of domains of functioning, including psychopathology, substance use, educational attainment, employment, criminal history, and so on. The long-term follow-up and matched control group characteristics make the study uniquely informative.
The second study is the English and Romanian Adoptees Study, a longitudinal study of young children adopted from Romanian institutions for young children soon after the fall of Ceausescu (Rutter et al, 2010b) . These children, mostly abandoned at birth, were placed in large institutions in conditions of material and especially social privation. The children were later adopted into English families, one group before 6 months of age, one group between 6 and 24 months, and a third between 24 and 42 months. The children have been evaluated comprehensively at 4, 6, 11, and 15 years. The 'natural experiment' involving a sudden change from a deprived to an advantaged environment at different ages has yielded seminal insights into recovery following varying 'doses' of adversity.
Finally, the Bucharest Early Intervention Project (BEIP) is a randomized controlled trial (RCT) of foster care as an alternative to institutional care among 6-to 30-month-old children who were abandoned at birth and placed in Romanian institutions Zeanah et al, 2003) . Half of the children were randomized to foster care and the other half to care as usual. The children were systematically assessed at 30, 42, and 54 months, at which time when the trial ended. The foster care network was handed over to government authorities when children were age 54 months. Follow-up assessments of the children at age 8 and 12 years have been completed. As a result of the RCT design, this study reduces selection bias that may be present in adoption studies, includes assessments of children while they lived in deprived conditions, and allows causal conclusions to be drawn about the effects of environmental enhancement.
Aims
These three studies, along with research conducted by many other groups, help to provide insight into the potential differing impact of deviations from the expectable environment on later psychopathology. In the present review, we begin with a brief overview of the impact of both inadequate input and harmful input on the developing brain. We then focus on four selected domains of psychopathology: indiscriminate social behavior, posttraumatic stress disorder (PTSD), attention-deficit/hyperactivity disorder (ADHD), and conduct problems, each linked to child maltreatment (National Research Council, 2013) . We review evidence of the association of inadequate input and harmful input on each domain and explore the potential causal mechanisms for the increased risk for each type of psychopathology. Finally, we outline areas for future research to examine deviations from the expectable environment in the prediction of psychopathology from this two-pronged framework.
However, as an initial caveat, although our aim is to consider these two types of deviations, the effort is challenged by a number of issues. First, we cannot experimentally control human environments. Second, these two types of deviations from the expectable environment-lack of input and harmful input-often co-occur (Mennen et al, 2010) . Third, we are unable to fully consider developmental differences, that is, effects based on when in the early years deviant experiences occur. This remains an important area for further inquiry for the identification of sensitive periods . Fourth, the difficulties in accurately assessing the onset, duration, and severity of negative environmental exposures in human populations, particularly in young children unable to report their experiences, each provide challenges to conducting research in this domain.
Nevertheless, we believe it is fruitful to explore the differing impact of the distinct effects of inadequate and harmful input on long-term outcomes, both mental and physical. We argue that the type of abnormal input experienced in early life may provide an important lens through which to further study deviations from the expectable environment and the developing child, and may bring us closer to identifying the mechanism by which early experiences result in differential brain and behavioral outcomes.
IMPACT ON THE DEVELOPING BRAIN
The human brain has a prolonged development compared with other species (Neubauer and Hublin, 2012) , with deviations from the expectable environment during infancy and early childhood having profound effects. Greater plasticity during early life confers both advantages and disadvantages, but it underscores the importance of early experiences, either lack of input or harmful input (see McLaughlin et al, 2014; Sheridan and McLaughlin, 2014) . The bottom-up approach of brain development is thought to potentially result in irreversible patterns of neural development (Greenough et al, 1987) , placing increased importance on the first years of life. In this section, we review research on the neural and physiological correlates of each form of deviation from the expectable environment.
Inadequate Input
Recent research has explored neurobiological effects of deprivation, mostly from studies of children raised in institutions (for more detailed reviews, see Nelson et al, 2011 Nelson et al, , 2014 . Briefly, both the structure and function of the brain are altered in currently and formerly institutionalized children, at least for those who were raised in these settings for significant periods of early childhood beyond 6 months of age. The timing of exposure to and removal from deprivation appears to vary by the domain of later functioning examined, including attention, executive function, and stress responsivity (Bos et Consistent structural findings include reductions in both gray and white matter volumes in children who experienced institutional deprivation (Eluvathingal et al, 2006; Mehta et al, 2009; Sheridan et al, 2012) , compatible with smaller head sizes in these children (Johnson et al, 2010; SonugaBarke et al, 2008) . In addition, specific disruptions in connectivity between the amygdala and the prefrontal cortex (PFC) have been demonstrated in post-institutionalized children (Gee et al, 2013; Govindan et al, 2010) . The effects of deprivation on subcortical structures are mixed, however. For example, imaging studies of children raised in institutions have found inconsistent effects on amygdala and hippocampal size (Mehta et al, 2009; Sheridan et al, 2012; Tottenham et al, 2010) relative to controls. One study has documented decreased cerebellar volume associated with poorer performance on memory and executive functioning tasks (Bauer et al, 2009 ).
Brain functioning abnormalities in children with histories of institutional rearing were first demonstrated in a small study using positron emission tomography. Chugani et al (2001) showed that 10 children who had been adopted out of Romanian institutions had reduced metabolic activity in the PFC and amygdala compared with adult controls and children with refractory epilepsy. Subsequent studies of brain functioning have involved electroencephalography (EEG) and imaging studies. Institutional rearing appears to result in reduced electrical activity in higher frequencies and increased electrical activities in lower frequencies (Marshall et al, 2004 (Marshall et al, , 2008 Tarullo et al, 2011) , but for children placed with families before 24 months, Vanderwert et al (2010) demonstrated normalization of brain functioning.
Finally, significant alterations in cortisol metabolism in children living in institutions (Carlson and Earls, 1997) and in children adopted out of institutions (Gunnar et al, 2000; Wismer Fries et al, 2008) have been demonstrated. In addition, children adopted out of institutions showed lower levels of oxytocin and vasopressin following interaction with their mothers compared with controls (Wismer Fries et al, 2005) , indicating potential deficits in responses to social interaction.
Many of these findings should be considered preliminary and in need of replication, but they do point to neurobiological effects of deprivation on brain structure and function in young children. Gene Â environment interactions are a promising area for examining individual differences in response to maltreatment. Recent work found that amygdala reactivity to emotional faces was predicted by the interaction of prior experiences of emotional neglect and variation in a genoset comprising polymorphisms from within the FKBP5 gene, a gene linked to hypothalamicpituitary-adrenal (HPA) axis activity (White et al, 2012) . These findings build upon work finding gene Â environment interactions in behavioral phenotypes following neglect (eg, Drury et al, 2010 Drury et al, , 2012a . Following a body of work linking maternal care and epigenetic changes in nonhuman animals, deprivation has been linked to telomere shortening, a marker of cellular aging, in children who experienced institutional care (Drury et al, 2012b) .
Harmful Input
There has been considerable interest in exploring the impact of abuse and trauma on the developing brain and biological response system (see ). Early-life stress, which has been used to characterize exposure to abuse and trauma, as well as social deprivation in the form of neglect or institutional care, has been linked to a cascade of physiological processes including HPA axis, inflammatory, and hormone response (McEwen and Seeman, 1999) . However, to date it is unclear the degree to which each set of responses is related to the varying types of stresses on the system (ie, inadequate or harmful input), as studies typically consider both forms of early adverse experiences together.
The body's biological stress response is considered essential for survival, allocating resources to help individuals orient to and react to threat. Although responses to stressful situations function as part of an adaptive process to regulate responses, the impact of chronic stressors have been linked to a number of negative outcomes (Boyce and Ellis, 2005) . Long-term exposure to traumatic stress is associated with poorer attention, executive functioning, and cognitive performance (Wilson et al, 2011) . The body's stress response has been well documented elsewhere (Lupien et al, 2009) , as the physiological stress response leads to the release of the glucocorticoid hormone, cortisol, which has a role in metabolism, immune function, and long-term global physiological response. Cortisol metabolism has been found to be altered in children who experienced abuse. For example, children who were physically or sexually abused in early childhood had smaller diurnal decreases in cortisol than neglected children, however, this was only found in abused children with high internalizing symptoms (Cicchetti and Rogosch, 2010) . In addition, the duration of abuse experienced by children was found to positively correlate with urinary cortisol levels (De Bellis et al, 1999) .
In terms of the brain, subcortical areas including the amygdala and hippocampus, as well as the PFC, are the most studied regions affected by the experience of trauma. Structural studies have mixed findings, as pediatric and adult samples differ. Although not observed in maltreated children, adults who experienced maltreatment in childhood had smaller hippocampal volume, indicating a possible sleeper effect of maltreatment in childhood (Woon and Hedges, 2008) . However, there is evidence of differential brain volume in other brain regions in childhood. After controlling for total gray matter volume, children who experienced trauma had larger middle-inferior and ventral PFC volume than comparison youth (Richert et al, 2006) . No white matter volume differences were found.
Epigenetic changes, including telomere length and DNA methylation, are promising areas of research for understanding the role of early traumatic experiences in biological changes. Exposure to violence has been associated with shorter telomere length (Shalev et al, 2012) . Physical abuse also has been linked to changes in DNA methylation, as several sites in the glucocorticoid receptor gene showed increased methylation in youth who have been abused compared with non-abused children (Romens et al, in press ).
EFFECTS OF EARLY ADVERSITY ON SELECTED DOMAINS OF PSYCHOPATHOLOGY
We selectively review four domains of psychopathology using the framework of inadequate or harmful deviation from the expectable environment: (1) indiscriminate social behavior, (2) PTSD, (3) ADHD, and (4) conduct problems. These four domains were selected for illustration based on available literature and relevance to the potential differing impact of neglect/deprivation and abuse/trauma.
Indiscriminate Behavior
Phenomenology of attachment disorders and indiscriminate behavior. Putative attachment disorders in young children have been described since the middle of the twentieth century (see Goldfarb, 1945; Spitz, 1945 ), but they have been studied systematically only in the past 15 years. Two major patterns of disordered behavior in young children have been described: (1) a pattern characterized by emotionally constricted and socially unresponsive behavior known as reactive attachment disorder (RAD), and (2) a pattern defined by lack of expected reticence about interacting with unfamiliar adults and violation of social boundaries known as disinhibited social engagement disorder (DSED). In this selective review, we will limit ourselves to studies of the indiscriminate social behavior of DSED because it is more common and has been better studied than RAD (see reviews in Bakermans-Kranenburg et al, 2011; Rutter et al, 2009; Zeanah and Gleason, in press ).
Indiscriminate behavior, sometimes termed 'indiscriminate friendliness,' is characterized by young children who exhibit a pattern of a lack of reticence about engaging socially with unfamiliar adults, wandering away from caregivers in unfamiliar settings, and willingness to accompany strangers without hesitation. In preschool children, attention seeking behavior, overbright emotional displays, and violation of physical and verbal boundaries of others also may occur (Zeanah and Gleason, in press ). Indiscriminate behavior is rare in epidemiological studies (Egger et al, 2006; Gleason et al, 2011b) , but it is one of the most common social abnormalities described in young children living in institutions (Zeanah et al, , 2005 and in those adopted out of institutions (Bruce et al, 2009; Chisholm, 1998; Rutter et al, 2010a) . In addition to children in institutions, indiscriminate behavior has been identified in maltreated children in foster care Oosterman et al, 2007; Pears et al, 2010; Zeanah et al, 2004) . Estimates of those with persistent signs of indiscriminate behavior following early, serious deprivation are in the range of 10-20% of children (Gleason et al, 2011a; Rutter et al, 2010a) .
Association between inadequate input and indiscriminate behavior. Social neglect is considered central to indiscriminate behavior. A diagnostic criterion for a diagnosis of DSED from the Diagnostic and Statistical Manual of Mental Disorders (5th edn; DSM-5; American Psychiatric Association, 2013) requires 'insufficient care' as a causal explanation for the clinical symptoms. This is important because children with Williams syndrome, a microdeletion syndrome of the seventh chromosome, demonstrate high levels of indiscriminate behavior, despite having no histories of deprivation (Jones et al, 2000) . Other than this genetic disorder, indiscriminate behavior in young children is almost always associated with a history of severe neglect.
More work is needed to distinguish children demonstrating high sociability from indiscriminate behavior. A recent study suggested that physical touching of unfamiliar adults during a laboratory paradigm in which the stranger makes overtures to the child may distinguish indiscriminate behavior from ordinary sociability more readily than verbal interaction (Lawler et al, 2014) . In keeping with the link between social neglect and indiscriminate behavior, evidence is consistent that indiscriminate behavior is readily apparent in a minority of young children being raised in institutions Zeanah et al, 2005) , adopted from institutions (Chisholm, 1998; O'Connor et al, 2003) , and in maltreated children in foster care Zeanah et al, 2004) .
Association between harmful input and indiscriminate behavior. Abuse may co-occur with neglect in early childhood, but to date no evidence has demonstrated that physical or sexual abuse alone leads to indiscriminate behavior. LyonsRuth et al (2009) did find that indiscriminate behavior was present in infants reared in families if they had been neglected or if their mothers had had psychiatric hospitalizations. Less clear is whether the latter group may have also neglected their infants. In other words, it is unclear whether serious psychopathology in mothers contributes to young children's indiscriminate behavior, or if the absence or presence of specific behavior matters more. Attempting to understand how early adverse experiences may result in increased indiscriminate behavior leads us to consider potential mechanisms that may mediate the association.
Potential mechanisms for abnormal input to result in indiscriminate behavior. Little is known about how the absence of input or neglect leads specifically to indiscriminate behavior. Several studies have explored neurobiological abnormalities in young children with indiscriminate behavior. One question addressed by several investigators has been whether social disinhibition is a manifestation of difficulties with inhibitory control more generally, which also has been identified in children raised in institutions (Gleason et al, 2011a; Roy et al, 2004) . As inhibitory control seems dependent upon ventral frontostriatal circuitry (Durston et al, 2002) , investigators have used tasks such as the Stroop, Go/No-Go, or Bear-Dragon to assess behaviors reflecting these circuits. Studies have demonstrated modest to moderate convergence between measures of inhibitory control and indiscriminate behavior (Bruce et al, 2009; Gleason et al, 2011a; Pears et al, 2010) .
EEG abnormalities in children who experienced institutional deprivation include increases in relative power in lower frequency bands and decreased power in high-frequency bands (Marshall et al, 2004 (Marshall et al, , 2008 Tarullo et al, 2011; Vanderwert et al, 2010) compared with typically developing children. Tarullo et al (2011) demonstrated that among post-institutionalized children, these EEG power abnormalities at 18 months predicted indiscriminate behavior and poorer inhibitory control at 36 months. They speculated that cortical hypoactivation from early deprivation may lead to both reduced EEG power and indiscriminate behavior.
Olsavsky et al (2013) used fMRI to demonstrate that children adopted from institutions showed reduced amygdala discrimination between mothers and strangers compared with children with no history of institutional rearing or adoption. Reductions in mother-stranger discriminations were moderately associated with indiscriminate behavior. Those children with more prolonged institutional rearing showed reduced amygdala discrimination and more indiscriminate behavior.
Although physical or sexual abuse has not been reported as a contributor to indiscriminate behavior-at least in the absence of neglect-preliminary evidence indicates that other forms of abnormal input may be implicated. For example, Lyons-Ruth et al (2009) found that mothers' disrupted emotional interactions with their infants-defined by behaviors that included affective communication errors (eg, giving contradictory cues, nonresponse or inappropriate response to clear infant cues), role confusion (eg, selfreferential or sexualized behavior), negative-intrusive behavior (eg, verbal negative remarks or physical intrusiveness), disorientation (eg, appearing frightened by infant or disoriented wandering), and withdrawal (eg, failing to greet infant or backing away from infant approach) mediated the relationship between caregiving adversity and indiscriminate behavior. These findings are preliminary but they raise questions about whether harmful rather than just insufficient input may lead to indiscriminate behavior.
Posttraumatic Stress Disorder
Phenomenology of PTSD symptoms. PTSD involves a cluster of signs and symptoms that appear following an individual's exposure to a traumatic event or series of events. Traumatic exposures include witnessing the death or threat of death of another, actual or threatened serious injury, or actual or threatened sexual violation to self or other. Following exposure, the individual re-experiences or relives the event episodically and intrusively, avoids reminders of the trauma, shows reduced positive emotional expression and increased negative emotional states, and exhibits signs of central nervous system hyperarousal (American Psychiatric Association, 2013) . Systematic research has demonstrated that children as early as the first year of life may show evidence of these symptom clusters following exposure to traumatic events. Young children express symptoms from each cluster somewhat differently than older individuals, and the algorithm for determining diagnostic threshold is slightly different than for older individuals, but the clinical picture is actually more similar than different (Scheeringa et al, 2011) .
Association between inadequate input and PTSD symptoms. Given that PTSD requires exposure to an overwhelmingly frightening and threatening experience, one may expect that neglect is not related to PTSD. Nevertheless, several studies have documented that neglect is associated with developing PTSD or posttraumatic symptomatology. For example, Widom (1999) reported that in 29-year-old adults who had experienced childhood maltreatment, there was no difference in risk for PTSD among those who had experienced sexual abuse (23%), physical abuse (19%), or neglect (17%), but all were at greater risk than a nonmaltreated comparison group (10%). In addition, Widom found lifetime risk for PTSD in those with a history of sexual abuse (38%), physical abuse (33%), or neglect (31%) did not differ. In a national sample of in-home and out-of-home care, 8-to 14-year-old children referred for child welfare investigation were not different in the rates of posttraumatic symptoms among children who had experienced physical abuse (10%), sexual abuse (13%), and neglect (13%) (Kolko et al, 2010) .
There are several possibilities for understanding the link between neglect and PTSD. First, neglect may co-occur with physical abuse, witnessing partner violence, or other potentially frightening experiences. For example, in a review of PTSD and maltreatment, neglect was classified with witnessing partner violence (Kearney et al, 2010) . In addition, some studies did not clarify how classifications of types of maltreatment were made, nor specify the source of data for classifying the type of maltreatment. In an attempt to provide objective assessments, many studies rely on court records to determine the type of maltreatment, but this can be problematic. For preverbal or barely verbal children, fractures pathognomonic for abuse (eg, spiral fractures of the humerus) or even abusive head trauma when there is no clear evidence of a perpetrator may be tried in juvenile court as 'lack of supervision,' a type of neglect. This event then appears in a database as neglect, although the child clearly experienced abuse. In addition, even in samples with welldefined risk for neglect in the form of social deprivation because of institutional rearing, peer traumatization may occur given low levels of adult supervision (Ellis et al, 2004) . A second explanation for a statistical link between neglect and posttraumatic symptoms is that early childhood neglect may predispose the individual to internalizing disorders (Bolger and Patterson, 2001) , which may then render the individual more susceptible to PTSD following exposure to a trauma. In the longitudinal study of effects of maltreatment by Widom (1999) , for example, she reports a PTSD prevalence of 31% two decades following the individual's exposure to neglect.
Association between harmful input and PTSD symptoms. By definition, experiences of abuse-physical, sexual, or emotional-are considered traumatic. Beyond abuse, any experiences that activate and overwhelm fear circuitry are traumatic, such as motor vehicle accidents, natural disasters, war experiences, and so on. Yet, only about 25 to 30% of individuals exposed to a traumatic event develop PTSD, although many more develop subthreshold symptomatology (Kessler et al, 1995) . Type, severity, and intentionality of the trauma may affect risk for PTSD, and those exposed to multiple traumas may develop more severe and/or different numbers of PTSD symptoms, as well as other related biopsychosocial impairments, than those exposed to single event traumas (Ford et al, 2006; Suliman et al, 2009; van der Kolk, 2003) .
Vulnerability to posttraumatic symptomatology following trauma exposure has been studied primarily in adults and includes two broad types of variables. Those that lead to increased anxiety reactivity, and those that lead a decreased sense of control over trauma-related thoughts (Bomyea et al, 2012) . A meta-analysis in children has shown low to medium effect sizes for gender, ethnicity, pre-trauma psychological problems, and parental psychological problems. Trauma severity-objectively determined-is most strongly associated with risk of developing PTSD (Trickey et al, 2012) . In young children, traumas that threaten the caregiver are associated with more severe posttraumatic symptomatology (Scheeringa and Zeanah, 1995; Scheeringa et al, 2006) .
Potential mechanisms for abnormal input to result in PTSD symptomatology. PTSD differs from most other forms of psychopathology given the requirement of a traumatic event, and PTSD is now included with RAD and DSED in the DSM-5 in the Trauma-and Stressor-Related Disorders, given the shared requirement for an environmental stressor to occur as a criterion for diagnosis (American Psychiatric Association, 2013) . It is difficult to study the impact of trauma on development separately from the study of posttraumatic stress, as all children who develop PTSD have experienced at least one traumatic event, and the comparison groups used by most researchers are non-traumatized individuals. Given that only a portion of children exposed to trauma go on to develop PTSD, these studies may not be identifying the specific impact of trauma on the brain in those who do not develop PTSD.
Traumas result in an initial activation of two different stress response systems-the HPA axis that regulates cortisol and the adrenergic system activated by the locus ceruleus-which are both initially adaptive, but prolonged or excessive activation have a number of deleterious effects on physical and mental health, including posttraumatic symptomatology. Although PTSD is often studied using a binary framework, there is substantial evidence that posttraumatic stress reactions should be considered on a continuum and that symptoms considered pathological may represent more severe manifestations of the biological stress response system.
Multiple neurotransmitter systems, including the serotonergic, opioid, and dopaminergic systems, have each been linked to specific symptom clusters in PTSD (De Bellis and Zisk, 2014) . Brain volume, particularly the PFC, appear to be different in individuals who experienced trauma in childhood and developed PTSD. Although no differences were found in amygdala or hippocampal volume in children with and without PTSD, smaller cerebral volumes among children with PTSD was found . At follow-up, when children were an average of 13 years, there was a trend level effect for larger hippocampal volume in children with PTSD. Smaller total brain volume were found in children with posttraumatic stress compared with nonmaltreated youth (Carrion et al, 2001) . A similar study examined brain volume after matching for socioeconomic status and found that children with PTSD had smaller brain volume in a number of regions, including the PFC, but had larger frontal lobe cerebrospinal fluid volume than nonmaltreated youth (De Bellis et al, 2002) . Younger age of the trauma, as well as longer duration of the abuse, have both been found to predict smaller brain volume in youths aged 4-17 years with PTSD. Research using diffusion tensor imaging indicates a link between PTSD from abuse and reduced fractional anisotropy in the anterior and posterior midbody of the corpus callosum, compared with demographically matched children without a history of abuse (Jackowski et al, 2008) . Further, fractional anisotropy in the corpus callosum was negatively correlated with a measure of anxiety, indicating that reduced myelination as a result of trauma may mediate the association between traumaexposure and psychopathology. Brain function has been found to be altered as well, for example, as children exposed to domestic violence were found to have increased anterior insula and amygdala activity to angry but not sad faces (McCrory et al, 2011) .
Alterations in attention to threat appears to be a likely pathway for the experience of abuse to result in PTSD symptomatology. Children who have been physically abused have a lower threshold to detect angry facial expression than children who were not abused (Pollak and Sinha, 2002) , indicating a potential bias to threatening stimuli, presumably due to the salience of anger in the environment for abused children. This bias may be particularly true when viewing one's parent vs a stranger (Shackman et al, 2007) . In addition to increased detection of angry emotional expression, children who have been physically abused require greater resources to disengage from angry faces (Pollak and Tolley-Schell, 2003) , and show greater accuracy at identifying angry facial expression targets during a Go/No-Go type task (Pollak et al, 2001 ). Event-related potential (ERP) data indicate differential P300 activity in abused children, such that smaller P300 amplitude was found when viewing angry target faces, but no difference was found in other emotional target faces (Pollak et al, 1997) . These attentional biases appear to indicate that abused children are vigilant to threat in the environment, a key symptom of PTSD, although the bias may be more specific to social than physical threats. For example, children with PTSD showed attentional biases specific to social-threat words and not to physical-threat words compared with nonabused youth (Dalgleish et al, 2001 ).
Attention-Deficit/Hyperactivity Disorder
Phenomenology of ADHD symptoms. ADHD is a neurodevelopmental disorder that typically presents in childhood, and comprises inattention, impulsivity, and disorganization and/or hyperactivity (American Psychiatric Association, 2013). The worldwide prevalence of ADHD is estimated at 5% (Polanczyk et al, 2007) . Although often conceptualized and examined from a binary (ADHD vs no ADHD) or subtype (inattentive type, hyperactive/impulsive type, and combined type) approach, large-scale studies support that ADHD is better understood via a dimensional approach, with individuals arrayed on two continua of inattention and hyperactivity/impulsivity (Marcus and Barry, 2011) . Etiologically, twin studies have supported high levels of heritability (Levy et al, 1997) for ADHD, indicating a strong genetic basis for the disorder. Along these lines, the DSM-5 states: 'Family interaction patterns in early childhood are unlikely to cause ADHD but may influence its course or contribute to secondary development of conduct problems' (American Psychiatric Association, 2013, p. 62). However, contrary to this emphasis on the genetic origins of ADHD, several studies have linked early experiences to this phenotype.
ADHD is found at significantly higher rates among youth who have been the subject of a child welfare agency investigation, for example, with nearly 19% of these youth aged 12-17 years meeting criteria for ADHD, compared with a prevalence rate of 5% in the general population (Heneghan et al, 2013) . Also, the type of symptoms associated with maltreatment may be specific to inattention and impulsivity, as a sample of school age children who experienced abuse or neglect had more severe levels of inattention and impulsivity, but not hyperactivity, compared with nonmaltreated children (Becker-Blease and Freyd, 2008) . Although research linking specific forms of early experience to ADHD is relatively new, we next review specific studies by type of input (ie, inadequate or harmful).
Association between inadequate input and ADHD symptoms. Briscoe-Smith and Hinshaw (2006) examined history of abuse and neglect in 228 girls aged 6-12 years with and without ADHD. Girls with ADHD were significantly more likely to have been neglected than their non-ADHD counterparts. The type of neglect may differentially impact ADHD symptom domains, as research from the National Longitudinal Study of Adolescent Health (AddHealth) indicated that supervision neglect (placing the child at risk for physical or psychological harm), predicted both the inattentive type (OR ¼ 1.6) and hyperactive type (OR ¼ 1.5), while physical neglect was a strong predictor of the inattentive type (OR ¼ 2.1) but was not significantly associated with hyperactive type (Ouyang et al, 2008) .
Among children who experienced severe neglect in the form of institutional care during early childhood, signs of ADHD are highly prevalent, and these problems are often found in combination with other deprivation-specific mental health problems (eg, quasi-autism, disinhibited attachment, cognitive impairment) (Kreppner et al, 2007; Rutter et al, 2010a) . Over one-quarter of Romanian children reared in orphanages aged 2-6 years fell above the screening cutoff on the ADHD inattentive scale from the Early Childhood Inventory-4 (Ellis et al, 2004) . Increased rates of ADHD also were found in the BEIP. At age 54 months, children who had experienced institutionalization were significantly more likely to meet criteria for ADHD than never institutionalized comparison children (21% vs 3%, OR ¼ 7.4) . Consistent with conceptualizations that early experience impacts ADHD, the length of the deprivation experience appears to be meaningful in the prediction of ADHD symptom severity. Several studies have examined age of adoption in relation to inattention in children who were institutionalized, although the specific cutoff ages varied by study. Using a cutoff of 24 months, Gunnar et al (2007) found that children adopted from institutional care before 24 months of age were somewhat more likely to have clinical levels of attention problems compared with noninstitutionalized youth (19% vs 12%), and those who were adopted following 24 months of age were significantly more likely to have attention problems (42%). In another study, the 24-month cutoff appeared less relevant, as children adopted from Romanian orphanages between the age of 6 and 24 months as well as after 24 months had higher levels of ADHD symptoms measured at age 6 years than children adopted from with the United Kingdom (Kreppner et al, 2001) . However, among the Romanian adoptees, older age of placement into their adoptive home was linearly related to ADHD symptoms, indicating a dose-response effect for ADHD and deprivation experiences. In a third study that examined ADHD following exposure to varying amounts of institutional care, children adopted after 12 months of age had significantly higher levels of ADHD than both children adopted before 8 months of age and non-institutionalized comparisons (Wiik et al, 2011) . These results are especially important in suggesting that postnatal experiences impact symptomatology.
Association between harmful input and ADHD symptoms. Levels of ADHD also appear to be elevated following experiences of abuse and trauma. Girls with ADHD were significantly more likely to have been sexually abused than their non-ADHD counterparts, although no increased evidence of experiences of physical abuse were found (Briscoe- Smith and Hinshaw, 2006) . In a sample of children and adolescents with a range of psychopathology, the rates of trauma exposure were found to be highest in individuals with comorbid ADHD and oppositional defiant disorder (ODD), indicating a potential causal role in the association between trauma and disruptive behavior disorders (Ford et al, 2000) . However, other studies indicate no differences in trauma exposure between children with and without ADHD (Wozniak et al, 1999) , although notably the age in which trauma exposure was measured was not isolated to early life. Data from the AddHealth study indicate that both physical abuse and sexual abuse predicted ADHD inattention type (OR ¼ 1.6 and 2.6, respectively), while only physical abuse was a significant predictor of hyperactive type (OR ¼ 1.3) (Ouyang et al, 2008) .
Potential mechanisms for abnormal input to result in ADHD symptoms. Despite the general focus on the genetic basis in determining the etiology of ADHD, Conway et al (2011) proposed that ADHD symptomatology cannot be extricated from chronic early adverse experiences, especially given that disruptions in attachment relationships are found at significantly higher rates among children later diagnosed with ADHD. Recently, an etiologically based system for defining types of ADHD has been proposed, which includes both a largely genetically driven type of ADHD as well as a 'phenocopy' of ADHD that results from early negative childhood experiences (Webb, 2013) . This system implies that the pattern of attention, hyperactivity, and impulsivity related concerns are similar despite the differing causal elements. However, some have questioned whether attentional difficulties among children who experienced institutional rearing are the same as those experienced by noninstitutionalized youth. For example, Loman et al (2013) found that behavior on a Go/No-Go task was more reflective of overall sustained attention deficits among previously institutionalized youth, rather than specifically related to executive attention.
The potential mechanism in the association between experiences of severe neglect and ADHD are not well understood. However, research from the BEIP identified EEG patterns that mediated the association between institutionalization and ADHD symptoms (McLaughlin et al, 2010) , which is consistent with evidence of EEG differences in those with ADHD from non-institutionalized samples (Snyder and Hall, 2006) . McLaughlin et al found that reduced alpha relative power and increased theta relative power predicted symptoms of hyperactivity and impulsivity in institutionalized children at age 54 months. Importantly, the effect of EEG power appeared specific to ADHD symptoms, as there was no association between EEG power and either internalizing symptoms or disruptive behavior symptoms. Additional evidence that neural activity differences following deprivation are associated with attention problems comes from ERP to facial stimuli. Peak amplitude of the P700 to faces mediated the association between exposure to institutional care and symptoms of ADHD at age 54 months (Slopen et al, 2012) .
Institutional rearing leads to prevalence rates of ADHD of around 20% (Rutter et al, 2010a; Zeanah et al, 2009) , which is four times greater than the worldwide prevalence figure. As most of the children in these studies were abandoned and placed in institutions at or near birth, it is unlikely that selective placement can account for the increased prevalence rates. Using structural imaging, recent data from BEIP (McLaughlin et al, 2013) demonstrated that 8-year-old children with ADHD and histories of institutional rearing had widespread cortical thinning similar to what has been described in children with ADHD without histories of deprivation (Narr et al, 2009; Shaw et al, 2006) . Specifically, investigators demonstrated that Romanian children reared in institutions had higher levels of ADHD symptoms and exhibited widespread reductions in cortical thickness across prefrontal, parietal, and temporal regions compared with never institutionalized Romanian children. Further, cortical thickness in the middle frontal gyrus, orbitofrontal cortex, supramarginal gyrus, and inferior parietal cortex significantly mediated the association between institutional rearing and inattention, and thickness in the middle frontal gyrus, orbitofrontal cortex, and superior temporal gyrus mediated the association with impulsivity. Cortical thinning explained 20% of the association between institutionalization and inattention and 27% of the association between institutionalization and impulsivity. This means that similar brain changes have been demonstrated in ADHD known to be highly heritable and in ADHD arising in conditions of severe deprivation. The latter group is important since most of the children raised in institutions were abandoned at birth.
Other forms of deprivation-specific psychopathology may also have a role in the development of ADHD symptomatology, as indiscriminate social behavior at age 18 months predicted ADHD symptoms, including hyperactivity at age 5 years (Lyons-Ruth et al, 2009) . Also, in the ERA study, there was an association between indiscriminate behavior and inattention/overactivity .
In terms of the potential link between harmful input and ADHD, there is evidence that intrusive caregiving measured at age 6 months predicted hyperactivity in early and middle childhood (Carlson et al, 1995) . Although parenting behaviors may elicit ADHD-type behaviors, the possibility of 'child effects' also merits consideration in our understanding of directionality for ADHD in older children. Attention problems at age 12 years predicted mother-child rejection assessed at a 1-year follow-up, even after controlling for initial mother-child rejection (Lifford et al, 2008) . Children with ADHD may be more likely to elicit negative or harsh parenting, as parents with children with ADHD are significantly more likely to use corporal punishment compared with parents of children without ADHD (Alizadeh et al, 2007) , thus, risk for abuse may be higher among children with ADHD. It is likely that the experience of trauma results in ADHD symptomatology. In a study of young adults, the experience of physical or sexual abuse during childhood (before age 17) was associated with higher levels of ADHD symptoms (Singer et al, 2012) . Importantly, although not confined to abuse during young childhood, the study identified individual differences in coping selfefficacy as a potential mediator of the association between child abuse and ADHD, suggesting that the attention problems experienced following abuse may be related to poorer coping.
Further support for the environmental role in ADHD comes from data suggesting that enhancing positive caregiving reduces ADHD symptoms. Mother-child dyadic intervention has been found to result in decreased ADHD symptoms in young behaviorally disordered children (Boggs et al, 2005) . In another intervention, two types of foster care placements following institutionalization were examined. Children placed in a high-quality foster care had significantly lower levels of ADHD compared with those in a government sponsored foster care, which had less support available for caregivers (Tibu et al, 2014) . In addition to environmental factors, gene Â environment interactions may provide a common link between genetic and environmental debates on the etiology on this phenotype. In a study examining maltreatment of participants from AddHealth, girls with the 10-10 repeat genotype within the dopamine transporter gene were significantly more likely to have problematic levels of ADHD following maltreatment than girls without this genotype (Li and Lee, 2012) . Much work remains in isolating the specific roles of neglect and abuse/ trauma in the onset of ADHD, and whether these experiences may exacerbate potential genetic predispositions for attention problems or act as an independent risk factor in the presentation of this disorder. To date, evidence suggests that both types of deviation may result in ADHD symptomatology and through similar neural pathways, although this remains to be clarified, especially regarding similarities and differences in ADHD found in individuals with and without a history of adverse early experiences.
Conduct Problems
Phenomenology of conduct problems. Conduct problems include oppositionality, aggression, and rule violating behavior. This domain of behaviors has been examined both dimensionally and through categorical diagnoses of ODD, conduct disorder (CD), and antisocial personality disorder (ASPD), typically manifesting developmentally from the preschool years into adulthood. Recent work has emphasized the origins of conduct problems in early childhood (first 3-5 years), indicating that a subset of youth with conduct problems can be reliably identified as early as age 3 years, with modest to moderate stability in externalizing psychopathology from early childhood into adolescence (Shaw et al, 2012) . Although ADHD is sometimes considered within the broader domain of externalizing psychopathology, there is support for the conceptual separation of ADHD and conduct problems (Achenbach, 1991; Frick and Nigg, 2012) . Twin studies have provided evidence for moderate to high levels of heritability for conduct problems and related traits, such as callous-unemotional features (Viding et al, 2007) , although environmental factors should be considered in the development of conduct problems.
Early negative experiences, including living in poverty and harsh and especially coercive parenting, are well-known risk factors for conduct problems. The experience of trauma, specifically, has been linked to conduct problems. In a retrospective study, children with ODD, both with and without comorbid ADHD, were found to have heightened rates of trauma exposure (Ford et al, 2000) . In preschool children, 80% of those with PTSD had comorbid ODD, and nearly 80% of parents reported onset of ODD after the traumatic event (Scheeringa et al, 2003) . In a long-term study of maltreated children, individuals who experienced abuse or neglect in the preschool years (age 3-5 years) were significantly more likely to meet criteria for ASPD in adulthood than children who experienced maltreatment only during infancy (Kaplow and Widom, 2007) . Other findings support the association of maltreatment with conduct problems in adulthood, as nearly twice as many victims of abuse or neglect were found to have engaged in fighting than nonmaltreated youth (Stouthamer-Loeber et al, 2001) .
Association between inadequate input and conduct problems. Neglect experienced during childhood has been associated with higher levels of conduct problem behavior (Thornberry et al, 2001) . In a prospective longitudinal study of aggression, children who experienced neglect in the first 2 years of life demonstrated high levels of aggression toward peers at 4, 6, and 8 years (Kotch et al, 2008) . However, in studies specific to extreme social deprivation in the form of orphanage rearing, findings are mixed. Data from the ERA study indicated no association between institutional care and conduct problems (Kreppner et al, 2001) . Similarly, there was not a main effect of previous institutionalization on falling above the clinical threshold for externalizing problems (Gunnar et al, 2007 ). Yet, there was a significant effect of age of adoption, in which children adopted after age 24 months were significantly more likely to be above the clinical cutoff for both aggression and delinquent behavior than those adopted at an earlier age, indicating doseresponse effects may be relevant to the development of externalizing behavior. Increased conduct problems following institutional care has also been reported. For example, in one study nearly one-quarter of institutionally reared children aged 2-6 years fell above the screening cutoff for ODD (Ellis et al, 2004) , and previously institutionalized 8-to 11-year-old children were found to have higher levels of externalizing symptoms (separate from ADHD) compared with never-institutionalized youth (Wiik et al, 2011) .
However, externalizing psychopathology may emerge later in development following institutional rearing, reflecting a 'sleeper effect.' For example, institutionalized children did not differ from never institutionalized children in either ODD or CD diagnosis at 54 months in BEIP . However, by age 12 years, assessments from this same sample indicate both higher levels of ODD symptoms (Zeanah, 2014) and callous-unemotional traits (McGoron et al, 2013) among children who remained in institutional care.
Association between harmful input and conduct problems. The link between harmful input in the form of abuse or trauma with the development of conduct problems is more clearly supported by current research. The experience of abuse or exposure to interpersonal violence during childhood predicted higher levels of both ODD and CD symptoms (Boden et al, 2010) . Children who experienced physical abuse before the age of 5 years were four times more likely to have conduct problems in 3rd and 4th grade compared with non-abused children (Dodge et al, 1995) . Physically and sexually abused children were more likely to bully others than nonmaltreated youth (Shields and Cicchetti, 2001 ). These children also had higher scores on a composite index of disruptive behaviors. In a large cohort study of individuals followed for over four decades of childhood sexual abuse, the odds ratio for the development of CD was 6.32 (Cutajar et al, 2010) . Another study found that while childhood sexual abuse predicted CD in early adulthood, the association between physical abuse and CD was only significant when sexual abuse was not considered within the model (Fergusson et al, 2008) , indicating that sexual abuse may have a more direct relationship with later conduct problems.
Parenting behaviors have been linked to the onset and maintenance of children's aggressive and delinquent behaviors. Specifically, coercive parent-child interactions, characterized by inconsistent parental follow-through on commands and discipline reinforce negative child behavior. These types of coercive parent-child interactions are found in higher rates among abusive parents, indicating a potential confluence of harmful environmental inputs in these families (Patterson, 2002) .
There may also be a dose-response relationship between abuse severity and conduct problems, as both emotional abuse and physical abuse in the early years has been linked to aggression and externalizing symptoms in school-age children, with greater abuse severity predicting increased symptoms (Manly et al, 2001) . Similarly, the age in which the abuse occurred appears to impact later risk for conduct problems. Children who experienced physical abuse before the age of 5 years had significantly higher levels of externalizing compared with both children abused between the age of 6 to 9 years and children who were not abused (Keiley et al, 2001) . Data from this same sample indicated that physical abuse before entry to Kindergarten predicted longterm negative outcomes, as parent-reported aggression and delinquency were approximately twice as high among children who have been abused compared with those who had not (Lansford et al, 2002) . Still, very early abuse, occurring during the first 2 years of life was not associated with aggression toward peers from age 4 to 8 years (Kotch et al, 2008) . Given the varying findings about age of exposure, and known developmental trajectories of brain development, potential mechanisms merit further examination.
Potential mechanisms for abnormal input to result in conduct problems. Environmental factors are thought to have a major role in the emergence of conduct problems. Children with multiple foster care placements had higher levels of oppositionality than those with stable placements and those never-placed in foster care (Lewis et al, 2007) . Although it is likely that behaviorally difficult children are more likely to be moved, it is also likely that the disruptions of stable relationships caused by multiple placements result in increased aggressive or defiant behaviors. As such, stable placements in high-quality homes may reduce conduct problems. Yet, in contrast to findings that environmental interventions are the most effective treatment for conduct problems, quality of foster care environment was unrelated to externalizing disorder symptoms in the BEIP (Tibu et al, 2014) . These findings may indicate that the deprivation pathway to externalizing could be less responsive to traditional treatments.
Although there is evidence of specific neural differences in youth with and without CD, the environmental role in the onset and maintenance of these differences are unknown. Among youth with CD, abnormal white matter connectivity between the amygdala and orbitofrontal cortex has been found (Passamonti et al, 2012) . In addition, reduced gray matter amygdala volume was found in youth with CD compared with healthy comparison youth (Fairchild et al, 2011) . The finding of reduced amygdala volume is counter to the enlarged amygdala volumes found in children with experiences of early deprivation (Tottenham et al, 2010) . Similarly, reduced functional amygdala activity was found when children with conduct problems viewed emotional faces (Jones et al, 2009) . Although the structural and functional findings associated with conduct problems appear to differ from changes resulting from abnormal early input, equifinality may explain the differential paths to CD risk in different populations. Gene Â environment interactions may also provide insight into how early abnormal input may interact with genetic predispositions in the development of conduct problems. In support of this, there is recent evidence from BEIP that the impact of deprivation on externalizing symptoms is moderated by genetic factors. Individuals with the 'susceptible' s/s serotonin transporter genotype had heightened externalizing symptoms at 54 months of age compared with those without the s/s genotype (Brett et al, in press-b) . These findings suggest a potential role for differential susceptibility in the impact of early deprivation experiences on conduct problems. Similarly, gene Â environment interactions have been found following physical abuse and later antisocial behavior, with a functional polymorphism in the monoamine oxidase A gene that appeared to increase vulnerability to antisocial behaviors among boys who were abused (Kim-Cohen et al, 2006) .
The potential for disrupted HPA axis functioning as a mediator between maltreatment and conduct problems also has been considered. In one study, heightened morning cortisol and decline in cortisol across the day were associated with physical aggression, while low morning cortisol and relatively flat diurnal cortisol change were associated with relational aggression (Murray-Close et al, 2008) . However, maltreatment moderated the effect as dysregulated cortisol patterns were found among the nonmaltreated youth but not the maltreated children. In other words, no association between externalizing and cortisol patterns among maltreated youth has been identified Dozier et al, 2006) . Thus, further work is needed to clarify the differential biological profiles in potentially etiologically distinct pathways to conduct problems.
Emotion dysregulation is a potential mediator in the association between maltreatment and externalizing psychopathology (Shields and Cicchetti, 2001) . Neglect, physical abuse, and sexual abuse all predict emotional dysregulation, which in turn predicted externalizing symptoms (Kim and Cicchetti, 2010) , with a stronger association in children who experienced maltreatment during infancy or toddlerhood compared with those who experienced maltreatment in the preschool or school age period. Behaviors associated with emotional dysregulation lend support to this mediator, as children who experienced abuse or neglect did not differ from nonmaltreated youth in covert aggression, but had significantly higher levels of overt aggression (Stouthamer-Loeber et al, 2001) , which is likely to be related to poorer emotional regulation.
Another potential pathway between early adverse experiences and conduct problems includes a developmental cascade from other forms of psychopathology. For example, LyonsRuth et al (2009) identified continuity in attachment problems as indiscriminate social behavior in early childhood predicted age 5 hostile behavior. In addition, as stated above, girls with a history of abuse or neglect were much more likely to be diagnosed with ADHD in middle childhood (Briscoe- Smith and Hinshaw, 2006) , however, notably all of these girls diagnosed with ADHD following maltreatment also met criteria for ODD. In other words, compared with only half of the nonabused girls who had comorbid ADHD and ODD, all of the abused girls met criteria for both disorders. Consistent with these findings, parent and teacher rated externalizing problems, as well as peer and staff ratings on aggressive behavior, were higher among those girls with ADHD who had been abused. These findings indicate that externalizing psychopathology is more likely to present along with other domains of psychopathology. The delay between the early adverse experience and onset of symptoms requires careful assessment longitudinally, and the effect of prenatal exposure to substances (D'Onofrio et al, 2007) , when available, should be included to examine the differential role of prenatal exposure to substances as an additional etiological pathway.
FUTURE RESEARCH DIRECTIONS
In this paper, we suggest that refining the measurement of adverse early experiences may prove to be a necessary step in illuminating how risks are translated into maladaptive behaviors. For example, the fact that social neglect and deprivation lead to increased risks for inattention and impulsivity, associated with widespread cortical thinning similar to what has been reported in the more heritable etiologically based ADHD found in non-neglected samples, elicits questions regarding the cellular and molecular processes involved in these pathways. Similarly, the fact that social neglect and deprivation lead to indiscriminate social behavior that is phenotypically similar to the indiscriminate behavior associated with microdeletions on the seventh chromosome begs similar questions about molecular pathways (Soares et al, 2013) .
Although we have preliminarily considered the independent effects of both inadequate and harmful input, we recognize that these are often confounded in studies of adverse experiences. Over 50% of individuals from the ACE Study who reported childhood physical neglect also endorsed physical abuse during childhood, whereas approximately 20% of physically abused youth also reported physical neglect (Dong et al, 2004) . And yet, at the level of circuitry, we speculate that the effects of inadequate input are distinguishable from the effects of harmful input, although each has effects on brain structure and functioning. Of course, many children experience both harmful and inadequate input, and as noted above, the lack of an attentive caregiver reduces both the potential for buffering stressful experiences and for fostering experience expectant developmental processes. Also, prenatal exposure to illicit substances may be a common, confounding factor, to consider in the outcomes of children who experienced either type of deviation from the expected environment. Among infants in a Russian institution, more than half displayed facial phenotypic signs of prenatal exposure to alcohol, which tended to be substantiated by maternal history when available (Miller et al, 2006) . Prenatal exposure to alcohol was found to predict child maltreatment (composite of physical and sexual abuse and neglect) (Smith et al, 2007) . Further, children who experience neglect/deprivation and abuse/trauma also are at greater risk for other negative environmental factors that may be broadly defined as abnormal or harmful input, including teratogen exposure in utero and parental psychopathology (National Research Council, 2013) . Still, until broad environmental risks, such as poverty, maltreatment, and parental psychopathology are parsed into more specific components as they impact circuitry, it will be difficult to elucidate mechanisms involved in sculpting the brain. We will continue to need experimental non-human models to clearly isolate the biological outcomes resulting separately from each type of adverse experience (Maestripieri and Carroll, 1998) , although ethical considerations prohibit direct testing of abusive experiences akin to those experienced by human children.
We also need more refined ways of characterizing environmental deviations. Once environmental influences can be more precisely defined, and with greater understanding of the importance of timing and sensitive periods in regards to the onset/offset of adverse early experiences, our ability to understand individual vulnerability, resilience, and treatment responsiveness may be enhanced. The use of laboratory-based assessments may provide the ability to capture the behavioral and neural responses to each type of input, and could provide insight into the etiology of psychopathology following both forms of deviation from the expectable environment. At the level of circuitry, a similar proposal to examine this two-pronged approach has been suggested . Behavioral lab measures designed to approximate inadequate or harmful input (eg, the still face paradigm as a proxy for parental unresponsiveness or viewing of threatening/angry faces as a proxy for threatening parental behavior) may help identify typical reactions and individual differences to both types of input. The study of individual differences in attention bias to threat following maltreatment (Pine et al, 2005) , for example, has led to increased understanding of the range of behaviors associated with anxiety, and individualized treatments to address the bias toward vs bias away from threat (eg, cognitive bias modification therapy) (Hakamata et al, 2010) .
The study of individual differences in response to negative input has grown markedly and continues to be a promising area for future research. Considering age, sex, and genetic differential susceptibility are important areas for further work, and could be used to help identify when and with whom prevention and treatment is likely be most effective, as well as identify pathways for greater understanding of risk mechanisms. Clearly, research studies that prospectively follow children who experienced maltreatment in early life are needed to best identify the pathways that result in psychopathology and resilience.
Negative input clearly impacts the developing brain, but so does positive input. For example, a recent study demonstrated that quality of parents' nonverbal cues to their 14-to 18-month-old children contributed to vocabulary at 54 months, even after controlling for quantity of language provided (Cartmill et al, 2013) . We would do well to remember that positive environmental input likely matters with regard to influencing psychopathology, as well. In Parent Child Interaction Therapy, for example, an evidenced-based intervention for young children with emotional and behavioral disorders, parents are instructed during sessions to engage in praise, reflection, imitation, description, and enjoyment in statements to their children. This has the dual effect of interrupting typical and often maladaptive parent-child transactions, as well as introducing positive parenting behaviors (Eyberg et al, 2008) . Ultimately, the goal is to tailor interventions to individuals who have specific liabilities and strengths in order to change developmental trajectories.
CONCLUSIONS
Deviations from the expectable environment have profound effects on risk for subsequent psychopathology. At the level of neural circuitry, both inadequate input and harmful input can lead to abnormal brain development and functioning. To date, the evidence regarding the association for increased risk for specific domains of psychopathology ranges from strong to uncertain depending on the type of input (eg, inadequate vs harmful), and the level of potential mechanisms outlined by extant research varies. Overall, at the behavioral level, neglect/deprivation and abuse/trauma have been implicated as risk factors for serious psychopathology, even in the first years of life. Yet, considerable work remains in elucidating the neurobiological pathways by which early adverse experiences result in increased risk for negative psychopathological outcomes. In addition to the type of adverse experience, chronicity of the abuse or neglect also has an important role in outcomes, with a dose-response effect often observed in negative outcomes (Jonson-Reid et al, 2012) . Contemporary research is beginning to explore brain structure and function associated with various psychopathological profiles, but a gap remains between identifying descriptive accounts of aberrant behaviors and types of symptoms and an understanding of the mechanisms by which experiences in differing environmental conditions lead to different patterns of function. We hope that this two-pronged approach considering the differential impact of inadequate vs harmful input is a useful framework for understanding the potential etiological pathways from early-life adversity on the developing brain and psychopathology.
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